Stomata of barley (Hordeum vulgare L.) and wheat (Triticum aestivum L.) leaves failed to open in the light and close in the dark or respond to changes in the CO2 concentration of the atmosphere in either light or dark when the leaves were in an Oa-free atmosphere. In contrast, the expected responses to environmental changes were found in atmospheres containing 1.5 % 02. It appears that 02 is necessary for both opening and closing of wheat and barley stomata.
Oxygen has little effect on the rate of photosynthesis in C4 species; in contrast, it inhibits net photosynthesis in C, species (3) (4) (5) (6) . Therefore, many comparisons of photosynthetic responses between C,, and C, species are made with the C, species in Orfree atmospheres. The 0°inhibition of photosynthesis in C, species is believed to be due to enhanced photorespiration (3) , not to changes in the physical resistance to CO2 diffusion (6) . Several reports suggest, however, that stomatal function may not be normal in 02-free atmospheres and, therefore, the photosynthetic responses to environmental changes may be different from those in atmospheres containing some oxygen.
Walker and Zelitch (12) found that 02 was necessary for normal rates of stomatal opening in tobacco leaves in the light; closing rates in the dark were affected only slightly by lack of oxygen. Humble and Hsiao (8) reported that anaerobiosis markedly reduced stomatal opening in leaf discs of Vicia faba, but not in epidermal strips. Earlier, Raschke (11) had reported that Vicia faba stomata, illuminated with blue light, opened quickly upon replacing CO2-free air with nitrogen, following a slow partial opening in the CO2-free air. Returning to CO2-free air caused partial closure, and the stomata were thereafter nonresponsive to changes in atmospheric 0,. Louguet (9) found that, in darkness, oxygen deprivation brought about an inhibition of both opening and closing responses of stomata of Pelargonium X hortorum, which normally can be brought about by changing the CO2 concentration. Finally, Akita (1) found that stomata of wheat and rice were unstable in an 02-free atmosphere. When they changed the ambient 02 concentration from 21 to 0%, the rate of net photosynthesis immediately increased, as they expected; subsequently, however, the rate decreased and, after 15 min in the 02-free atmosphere, it was only 70% as great as the rate in 21% 0°. At that point, they returned the leaf to a 21 % O atmosphere, which caused a further, sharp decrease in photosynthesis within a few seconds, followed by a slow recovery to the rate before the treatments began.
The results listed above suggest that the stomatal apparatus does not function normally in O-free conditions. An alternative to using O-free environments for C, species in making photosynthetic comparisons with C4 species would be to use low concentrations of 0O. The rate of photorespiration in C. species appears to be related directly to the ambient 02 concentration, whereas dark respiration is 02-saturated at about 1 % (5, 6). Therefore, in a concentration of 0°of about 1 %, normal dark respiration should proceed, but there should be little photorespiration. In a recent study paralleling our work, Louguet (10) found that normal responses by stomata of Pelargonium X hortorum to changes in CO. in the dark could be obtained in atmospheres containing as little as 1% oxygen. This study was undertaken to determine whether stomatal instability such as that observed in wheat and rice in 02-free atmospheres (2) could be eliminated by supplying low concentrations of oxygen.
MATERIALS AND METHODS
Barley (Hordeum vulgare L.) and wheat (Triticum aestivum L.) were sown in 25-cm clay pots and grown in a greenhouse during the summer months when light intensity was high. The air temperature was near the outside air temperature and varied with it. The pots were irrigated as needed and given a complete nutrient solution at weekly intervals. The rates of transpiration and photosynthesis were measured on young, fully expanded, attached leaves of plants 40 to 60 days after seeding. Measurements in all experiments were repeated on at least three leaves. Leaf temperatures during measurements were controlled at 30 C, except for short time deviations of about 2 C or less, when light intensity was suddenly changed. Light during measurements was from incandescent lamps passed through a 10-cm water heat filter and was at an intensity of 0.4 cal cm-2 min' (400-700 nm). Analysis of water vapor was made with an Aminco electric hygrometer, and for CO2 with a Beckman Model 215 infrared gas analyzer. Time lag for the CO2 and H2O measuring systems was about 1 min and, since this had little effect on the results, the data have not been corrected for time lag. The measuring system and apparatus for generating Plant Physiol. Vol. 52, 1973 the gas mixtures are described in more detail in a previous paper (2) . RESULTS 
AND DISCUSSION
The time course for CO2 and H20 vapor exchange for a wheat leaf in an atmosphere containing either 0 or 1.5% oxygen and in a light intensity of 0.4 cal cm-2 min-' (400-700 nm) or in darkness is shown in Figure 1 . The responses to environmental changes shown in Figure 1 are typical of the responses of the three wheat leaves and of three barley leaves in this experiment. The data are plotted relative to the steady state rates attained in a pretreatment period in the light and in 1.5% 02-
In an Or-free atmosphere in the light, a gradual decrease occurred in both the rates of transpiration and CO2 uptake. After a period in an 02-free atmosphere, adding 1.5% 02 caused a further sudden, but temporary, decrease in both processes, indicating a sudden, partial stomatal closure when 02 was added to the atmosphere. Recovery was rapid, however. The reason for this temporary closure is not known but is similar to Raschke's (11) results for stomata of Vicia faba in blue light in CO,-free air following a period of anaerobiosis. Raschke replaced the air with N2 after the partial closure was completed, however, and the stomata remained closed.
In the dark, photosynthesis ceased, of course, in both 02 environments. The transpiration patterns in the dark in 02-free and in 1.5% 02 atmospheres were appreciably different, however. In 1.5% 02, normal stomatal closure occurred in the dark as expected, and transpiration decreased sharply. In contrast, in an 02-free atmosphere the stomata closed slowly in darkness and the rate of transpiration was only slightly affected. The slight dip in the transpiration response immediately upon light exclusion was probably due to a sudden, unavoidable decrease in leaf temperature when the lights were turned off. The failure of the stomata to close normally in darkness in 02-free air is in agreement with Louguet (9) and contrasts with reports by Heath and Orchard (7) and Walker and Zelitch (12) .
The effect of CO2 concentration in 02-free and 1.5% 02 atmospheres on barley stomata can be seen in Figures 2 and 3 . In the light (Fig. 2) , increasing the CO2 concentration by 5-fold from 0.03 to 0.15% in a 1.5% 02 atmosphere caused stomatal while the leaves were in the 02-free environment had little effect on the transpiration rate. When 1.5% 02 was added to the atmosphere, however, the expected responses to changes in the CO2 concentration were again found.
In Figure 3 the effect of 02 and CO2 on the transpiration rate of barley leaves in darkness is shown. In a 1.5% 02 atmosphere, the expected decrease in darkness and increase in light were found. In an O2-free atmosphere, however, the stomatal closure in darkness was very slow and the transpiration rate, after an initial dip which may have been due to temperature differences, decreased only very slowly with time. Changing the CO2 concentration in the dark had no effect on transpiration in the absence of oxygen. Adding 1.5% 02 to the atmosphere again restored the expected responses to light and darkness (Fig. 3) and to CO2 (Fig. 2) . In the absence of 02 wheat and barley stomata failed to open in the light (Fig. 4) , as.found earlier for leaf discs of Vicia faba by Humble and Hsiao (8) .
In both light and dark, a change from 02-free to 1.5% 0, appeared to cause a sudden, partial closure of stomata ( Figs.  1 and 2 ), except when they were already fully closed preceding (and during) the 02-free period (Fig. 4) . The reason for this sudden closure is not known. It may be that, after an anaerobic period, 02 caused a sudden change in guard cell membrane permeability.
Our results are remarkably similar to those reported by Akita and Miyasaka (1) for wheat and rice, when they changed from an O2-free atmosphere to normal air, with the exception that CO2 uptake was not affected by changing from an O2-free atmosphere to 1.5% 02 in our experiments, whereas they found a marked suppression of CO2 uptake by changing from 0 to 21 % 2. Thus, our results suggest that stomata of wheat and barley require 02 to function normally-both to open and to close. From Louguet's (10) recent results with Pelargonium leaves and from the fact that leaves in 1.5% 02 reacted simi- larly to those in normal air, it seems probable that the oxygensensitive component in wheat and barley guard cells is saturated at somewhat less than 1.5% 02 It is still uncertain whether species differ in their response to oxygen, however, for under some conditions at least, some stomatal reaction has occurred in other species under anaerobic conditions (7, 8, 12) .
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